ABSTRACT
INTRODUCTION
The measurement of the kernel apparent density (mass per volume unit) has been used as a parameter of wheat quality for commercial purpose in several countries (Zeleny, 1978) . In Brazil, the kernel test weight (TW), measured as kilogram per hectoliter, was the only commercial quality parameter utilysed until 1994. Although this parameter reflects very reasonably the grain sanity and its degree of development, it is also used as an indicator of the milling flour extraction (FE). Kremer (1993) found a high correlation between TW and FE while Johnson & Harris (1995) and Schuler et al (1995) did not find a significant correlation coefficient. Other parameters used as flour yield indicators are thousand kernel weight (TKW) (El-Shirbeeny & Allam, 1987) and kernel hardness (Baker & Dick, 1975) . These works showed distinct results, however, they were conducted in countries were the conditions are very much different from Brazil and, therefore, can show different results. The objetive of this work was to evaluate the relationship between the milling flour extraction and the kernel test weight, the thousand kernel weight and the kernel hardness, from material grown in Brazil, as well as to relate the technological characteristics of Brazilian wheat to these parameters.
MATERIALS AND METHODS
The wheat samples were obtained from the following experimental fields: FECOTRIGOFederação da Cooperativas de Trigo de Cruz Alta-RS; EMBRAPA-CNPT (Centro Nacional de Pesquisa de Trigo), Passo Fundo-RS; Empresa de Pesquisa Agropecuária (EPAGRI), Santa Catarina state; Instituto Agronômico do Paraná (IAPAR). Londrina-PR; Organização das Cooperativas do Paraná (OCEPAR), Cascavel-PR; EMBRAPACNPSo (Centro Nacional de Pesquisa de Soja), Londrina-PR; EMBRAPA-CPAO (Centro de Pesquisa Agropecuária do Oeste), Dourados-MS; Instituto Agronômico de Campinas (IAC), SP and EMBRAPA-CPAC (Centro de Pesquisa Agropecuária do Cerrado), Brasília-DF. For the purpose of this work, the samples from MS, DF, MG and GO were considered together in one group, since the recommended cultivars and the climatic conditions are similar. All the samples were conditioned to 15.0% moisture for 16-24hs prior to milling in a Brabender Qadrumat Senior mill, as described by Germani et al (1997) . The moisture determination was done according to the method 44-15A from AACC (1983) and the ash content to the method 2.055 from AOAC (1984) . Test weight was determined according to the equipment manufacturer (Dalle Molle) instructions, as described by Germani et al (1997) and, the thousand kernel weight, as described by SHUEY & GILLES (1972) . The kernel hardness was tested using the Brabender micro hardness tester, as described by Kosmolak (1978) , which measures the time required to grind 4g of wheat (for times below 32sec, the kernel is defined as hard, between 33 and 45sec, as semi-hard, between 46 and 63sec, as semi-soft, and above 63sec, as soft).
RESULTS AND DISCUSSION
For this study 3250 samples of wheat from 1990, 1991, 1992, 1993 and 1994 crop year were used. Cumulative distribution of FE, TW, TKW and HD values are shown in Table 1 . It could be seen that FE varied from 40.4 to 78.9%, with a median value of 64.5%. On the other hand, the TW showed the least variation, and its median was 78.2 kg/hl. For the TKW, the median value was 34.2g. The higher variation was observed with HD, which varied from 15 to 999sec, with a median value of 45sec. By the Kosmolak (1978) hardness scale, this median hardness value classified the wheat as hard. FE, TW and TKW distribution are illustrated in Figures 1, 2 and 3, respectively. Evaluating the local and crop year influence, it can be observed that there are significance differences among the samples cropped in the differents states in different years as well as between the inter relation year/state for all parameters studied (Table 2) .
A simple correlation analysis among FE, TW, TKW, HD and flour ash content are shown in was not caused by deficiency in the milling process. Schuler et al (1995) and Johnson & Harris (1995) did not find a significant correlation between FE and TW or TKW. To verify if the relations between FE and TW were influenced by the apparent kernel density, the coefficient of determination between these two parameters in several TW ranges was calculated as shown in Table 4 . It was observed that the correlation coefficients were still low and the higher ones were for the range of TW<70 and of TW<75 kg/hl, which were responsible for 19 and 12% of FE variation, respectively. Similar segregation was performed with TKW (Table 5 ). In this case, any TKW value range gave expressive correlation coefficient with FE, since none of the ranges accounted for more than 6.0% of FE variation.
If the coefficient of determination was calculated between FE and HD, and the hardness values segregated by ranges (Table 6) , it was observed that there was a great improvement in the R 2 value which increased from 6.4% to 22.0%. Although the values of R 2 , for the range of HD≤45 and HD≤63, were similar to HD≤32, their contribution were irrelevant since the R 2 values between these ranges were not significant.
The correlation between TW and TKW with FE was also calculated within hardness ranges (Table  7) . It was observed that the influence of TW on FE was improved in the range of HD≤32sec, the range where it was classified as very hard. On the other hand, there was no expressive change for TKW.
The material segregation by range of values, within each parameter, did not show any expressive improvement on the relationship with FE. (Figure 4 ). This fact has been explained by the conscientiousness work, related to technological quality of wheat, started in Brazil in 1989, since when several low quality cultivars were eliminated from planting recomendation and most of new releases were of proved high quality, as reported by Germani & Carvalho (1996) . The parameters evaluation (by State) is shown in Table 9 . It could be observed that the TW and TKW values were significantly higher for SP and MS/DF/MG/GO States, being the lowest for SC State. In terms of hardness, the wheat from MS/DF/MG/GO were the hardest, followed by those from SP, PR and RS States, and again being the softest those from SC State. For FE, the best results were also obtained from those sample from SP State, followed by MS/DF/MG/GO, PR and RS States, and those from SC with the lowest FE. This showed that there was a tendency of wheat of high TW, high TKW and high HD resulting in high FE. Therefore, samples from MS/DF/MG/GO States were generally of better quality than those from the other States (SP, PR and RS). Those from SC State showed the poorest quality.
Evaluating the correlation coefficient between FE and the other parameters by crop year and local (Table 10) , it could be observed that there was variability among States by crop year, as already indicated by the interaction year/State (Table 7) . This variability increased the difficulty of any indication of a tendency. In this segregation high correlation coefficient was obtained, as it was seen for TW in 1990, and for HD in 1992 and 1994 for the MS/DF/MG/GO States. The latter results were endorsed by Table 6 , showing that the higher the hardness, the better the correlation with FE. Table  9 shows that the wheat grown in the MS/DF/MG/GO States was of high hardness. In spite of that the global evaluation by State did not show results as good as the ones obtained in distinct years. 
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RESUMO
Um extensivo trabalho de determinação de peso do hectolitro grão (PH), peso de mil grãos (PMG)
